The development of the human voice as a function of age is characterised by changes in pitch, loudness, and variety of tone qualities. The pitch of speech or speaking fundamental frequency (SFF), being relatively simple to measure adequately, can be used as an indicator of voice maturity. In voice development three periods are of interest: infancy and childhood, puberty, and aging. Deviations from normal development have been reported in children with congenital malformations of the articulatory organs, e.g. in the cat cry syndrome (Vuorenkoski et al., 1966 ), Down's syndrome (Weinberg and Zlatin, 1970) , dysfunction of the central nervous system (Wasz-Hockert et al., 1968) , hypothyroidism (Vuorenkoski et al., 1973) , prenatal growth retardation (Vuorenkoski et al., 1972) , and in the absence of auditory feedback due to deafness (Elliott and Niemoeller, 1970; Mairtony 1971) .
This report describes the changes in pitch from childhood through puberty to adulthood, and the effects on pitch of some types of growth retardation, delayed pubertal development, and androgen treatment. Several techniques have been used for measuring the SFF (Luchsinger and Arnold, 1965; Schultz-Coulon and Arndt, 1972) ; the most advanced is an automated computerised method (Vuorenkoski et al., 1972; Hollien and Jackson, 1973) . However, none of these techniques is suitable for routine clinical use. We report here a new, simple, and quick method which makes use of a small electronic device designed for developing an appropriate SFF in deaf children (Fig. 1; Matrtony, 1972) .
Subjects
Normal series. A total of 414 measurements were made on 374 healthy subjects aged 6-40 years, 178 males and 196 females (Table) . The children and adolescents were studied in kindergartens and schools. The adult males were medical students and physicians. For adult females, members of a choir were chosen to obtain a better range of the female voice. The subjects were classed according to sex, and age or stage of pubic hair (PH) development (Tanner, 1962 ) (see Table) . PH stages were used because they reflect the androgenic action, which also determines the pubertal voice change.
Only one measurement was made on each subject except in a group of 20 males who were tested at 11 * 7-13 5 years, and then 1I0 year and 1 5 years later 201 (Fig. 2) . At the first recording 18 of them were at PH stage 1 (Table) , 16 being at genital stage 2-3, and 2 at stage 1 (Tanner, 1962) . A group of 20 girls were also tested at 11 -7-13-5 years and 1 *0 year later (Fig. 2) . At the first recording 9 were at PH stage 1 (Table) . In some cases the PH stage had not changed between recordings; the mean of the two values was then used for the statistics in the Table. Abnormal series. This series included 141 patients seen at the endocrine clinic. To study the relation between growth retardation and SFF, one or more measurements were made on 82 abnormally short children (height >2 SD below the mean for age) aged 6-12 years. 28 of them (22 girls) had a prenatal growth disorder; 7 (4 girls) were cases of Mulibrey nanism (Perheentupa et al., 1973) , 12 were (b) (b) The contact microphone is applied to the throat below the larynx. 
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We next asked the subject to glide the voice as low as possible for measurement of the lowest frequency (LF), and finally to glide as high as possible. The frequency of a voice break, if present, was thereby noted, and also the highest frequency (HF), usually >550 Hz.
The reproducibility of the measurement was assessed with the following 'blind' methods. (a) One of us (V.V.) repeated the measurement in 60 normal 6 year olds after 3 weeks. (b) 3 of us (H.L.L., J.P., V.V.) separately on the same day tested 37 patients with different types of growth retardation. To validate the results obtained with the SFF indicator, a comparison was made with a more complex method. The group of 60 normal 10 year olds read into a tape recorder the first passage (30-40 s) of the tale 'The Princess and the Pea' (Andersen, 1835) . The recordings were analysed at the Speech Transmission Laboratory with an automated computerised method (Vuorenkoski et al., 1972) .
Results
Reproducibility of analysis with SFF indicator. In the second analysis of 60 children the mean (4SD) difference from the first analysis was 2-1±5-4 Hz for SFF and 1-6±6.8 Hz for LF. The differences between the readings obtained by the 3 investigators varied between 1-5±9.2 Hz and 2-2±13-6 Hz and were not significant.
Comparison of SFF indicator and computerised methods. The mean (± SD) difference between the SFF values obtained from 60 children with the two methods was 2 * 0 i 11 -2 Hz, not significant.
Normal children before puberty (Table, Fig. 2 ). Children aged 6, 8, and 10 years were compared. Among the boys a significant difference was observed in SFF between the 8 and 10 year olds, while in LF all three groups were significantly different. Among the girls the only significant difference was in LF between the youngest and the next older group. HF was >550 Hz in all the boys and girls, and none had a voice break. Two significant sex differences were observed: LF was lower in the boys at 10 years, and in all age groups the dispersion of SFF was wider in the boys.
Normal subjects7,during puberty ( Abnormally short children (Fig. 4) . The clinical impression was that a high-pitched voice was characteristic of Mulibrey nanism (Perheentupa et al., 1970) and this was later confirmed with measurements (Vuorenkoski et al., 1972 , . . . most extreme case (Fig. 4 ) being a girl with borderline intelligence.
In the miscellaneous group of prenatal growth failure, 2 children had abnormally high SFF values. The highest voice was in the boy with the karyotype 46,XY,rl5, who had the severest growth failure of the series (height 6 SD below the mean for age). The other abnormal voice was of a girl with multiple minor malformations.
Of the hypopituitary children, the youngest ones mostly had high voices, but some of the older ones had borderline low pitch for bone age, though not for age. The 2 boys with TSH deficiency did not differ from the others.
Most of the children with familial short stature and/or delayed growth had SFF values below the mean for bone age. For the total group of 25 delayed boys at PH stage 1 and bone age >10 years (Fig. 6 , not shown in Fig. 4) , the difference from normal boys at the same stage was significant (P <0 005). At PH stage 2 no such difference was present.
Androgen treatment. The very rapid effect of strong testosterone treatment on the voice is illustrated by Case 1 (Fig. 5) . The sensitivity of the female voice to small doses of androgen is shown by Cases 2 and 3 (Fig. 5) . Both had distinct lowering of the voice without the appearance of acne or clitoral enlargement. A gradual lowering of SFF, as occurred in Case 3, will not be heard by the unaided ear before the change is permanent.
In contrast to girls with untreated Turner's syndrome, those treated with fluoxymesterone had (Fig. 6 ) because of too large doses of fluoxymesterone. This observation was made when the SFF indicator became available to us. Since then we have given 0 1 mg/kg or less daily to these girls; with this dosage the voice has remained unaffected.
The boys with delayed growth and maturation treated with similar small doses of fluoxymesterone tended to have significantly lower SFFs at stages PH 1 and PH 2 than the reference boys at the same stages (Fig. 6) . However, the delayed boys of this group were not significantly different from delayed boys who were untreated. At stage PH 4 the delayed boys may have had voices that were higher than normal.
Discussion
Methodology. The ideal method for measurement of pitch is probably a computerised analysis of speech in a spontaneous situation. But until such a method is available to the clinician, use of the SFF indicator can be recommended. The results obtained with this instrument do not differ systematically from those obtained with a computerised method. A drawback of the indicator measurement is that its precision is rather low and in some subjects the readings fluctuate. About half of the variation observed for some age groups seems to be due to the method. Part of the low precision is caused by the unnatural testing situation, a problem which will diminish with accumulating experience of the observer. Normal development of pitch. The development of SFF before puberty was described in a crosssectional study of 84 subjects, 3-to 13-year-old children or adults, from the St. Louis area by Eguchi and Hirsch (1969) . They found a fall in the mean SFF, for the sexes combined, from 298 to 262 Hz between the ages of 3 and 7 years, but a further fall only after the age of 10 years. Interestingly, our data shows a significant sex difference before puberty: a lowering of both SFF and LF between 8 and 10 years in boys, in contrast to girls. This difference has not been reported by previous workers (Eguchi and Hirsch, 1969; Oordt and Drost, 1963) . With regard to the absolute SFF values, ours were slightly lower than those of Eguchi and Hirsch; in general there was also good agreement with data published for children of isolated age groups (Fairbanks et al., 1949a, b; Duffy, 1958; Naidr et al., 1965; Michel et al., 1966; Hollien and Malcik, 1967; Weinberg and Zlatin, 1970; Chevrie-Muller, 1971 ). The reasons for the differences are presumably partly methodological, partly racial, linguistic, and cultural.
In most previous studies of the male pubertal voice change a serious shortcoming was that the deepening was correlated with chronological age only, and not with the stage of pubertal development. Yet the age range at the onset of puberty is as wide as the mean duration of pubertal somatic maturation, and consequently at certain ages the full scale of maturity is present (Tanner, 1975) . As expected, a better correlation exists between the male voice change and bone age than between the voice change and age (Andersen, 1968) . Tanner (1962) states that 'the male voice begins to deepen perceptibly during the period when the development of the penis is nearing completion', and 'gradualness makes voice deepening of little use for adolescence ratings'. We needed to confirm that the gradualness was not simply an apparent but erroneous result of the cross-sectional technique of study. Naidr et al. (1965) followed the voice, height, and laryngeal size in 100 boys from 11 to 15 years of age. Although pubertal stages were not recorded in this study, they concluded that the principal change in voice coincided with the greatest increase in height but was somewhat in advance of the increase in the size of the larynx.
Our findings confirm that the decrease in SFF does indeed occur gradually as correlated with the PH stages. Although the mean LF began to decrease earlier than the mean SFF, the greatest change occurred later in the mean LF (between PH 3 and 4) than in the mean SFF (between PH 2 and 3). In contrast to previous data, mature SFF Hollien and Jackson, 1973) . This is probably a real difference, associated with race, language, and culture.
Voice change also occurs in girls during puberty (Hollien and Paul, 1969) . Notably, our data suggest that this change takes place in two steps: first early in puberty before the appearance of pubic hair, and then later after PH stage 3. The SFF values of our oldest pubertal group do not differ from those previously published for this stage (for review, see Hollien and Paul, 1969) . According to Hollien and Paul, the adult female voice reaches stability during the immediate postpubertal period. Our finding of a significantly lowered LF in the adult groups must not be taken as evidence against that finding, because our female adult group were selected. The chronological, and possibly endocrinological and genetic, basis of the difference between soprano and alto voices would be an interesting, though difficult, subject to study.
Clinical value of pitch measurements. As pointed out by Tanner (1962) , single measurements of pitch are of limited value in attempts to define the developmental stage of an individual because the voice change is gradual. However, these measurements do offer a useful additional parameter for following the development of an individual, normal or abnormal. Several workers have reported that the sensitivity of the female voice organ to androgen treatment, though individually variable, is higher than the sensitivity of other end organs (Timonen et al., 1962; Bauer, 1963 Bauer, , 1968 Pfalz, 1967) . The greatest clinical value of the measurement of SFF is probably in guarding against an undesired voice change during such treatment. Androgens form part of the physiological substitution therapy of females with ACTH deficiency, with adrenocortical failure and, perhaps with ovarian failure. Although the treatment is a matter of debate, androgens are used to promote growth in girls with Turner's syndrome (Perheentupa et al., 1974) . In our experience the voice is more sensitive to androgens than, for example, the skin or clitoris in these girls, and an irreparable voice change may be produced insidiously. We have made it a rule that every girl treated with androgens is to be followed with regular measurements of pitch.
Pitch measurement is an additional tool in the characterisation of growth failure and malformation syndromes. Voice abnormality is present in many of these conditions, and presumably has a variable basis: deviation in the size, spatial organisation, tissue structure or consistency, or differing development of the musculature etc. of the speech organ. A high pitch seems to be a frequent, though not constant, feature of prenatal growth failure syndromes. It is one of the qualities typical of the voice in Mulibrey nanism (Perheentupa et al., 1970 (Perheentupa et al., , 1973 (Perheentupa et al., , 1975 Vuorenkoski et al., 1972) . Young girls with Turner's syndrome tend to have high pitched voices, but no other unusual feature of the voice is typical. Our observation that young children with growth hormone deficiency (even for bone age) have a high voice pitch is expected, but we cannot account for the apparent normalisation of pitch in the older children of this group.
In boys with delayed growth and maturation the voice at PH stage 1 was like that of normal boys at PH stage 2, and notably the low pitch seemed to be a characteristic of this group even before puberty began. But an effort to correct the difference in voice maturity from other boys their age is not a tenable explanation for this observation.
